ABSTRACT -The objective of this study was to verify the existence of genetic variability among accessions of Arachis repens based on vegetative morphological characters, identifying those which contribute least for distinction of those accessions. Nineteen accessions were evaluated in a completely randomized design with ten replicates, established in 4-m 2 plots.
Introduction
Most economically important tropical forages have high genetic variability, which can be explored in the selection of new cultivars with desirable characteristics. Among the forage legumes of Arachis genus, Arachis pintoi Krapovickas & Gregory and Arachis repens Handro species are the most promising for utilization as forage in the South American tropics and are found in Section Caulorrhizae (Assis & Valentim, 2009 ). Both are perennial, with low and stoloniferous growth, with quadrifoliolate leaves, rather extended branches and adventitious roots at the nodes (Rodrigues et al., 2006) . Collecting expeditions were intensively carried out in the 1980s and continue until the present, resulting in a collection of about 150 accessions of Caulorrhizae section (Valls, 2001) .
Peanut-forage feed is recommended for animal feeding in South, Central and North America and Australia. Because they are perennial and present morphological features that confer better adaptation to grazing, trampling and harvest, and based on records of the use by herbivores in their original environment, the species A. pintoi, A. repens and A. glabrata are the most collected and evaluated when it comes to forage yield (Valls & Simpson, 1994; Valls & Pizarro, 1994) .
Studies on morphological characteristics of plants are important because they enable access to the existing variability among genotypes of the germplasm bank, besides being useful as an auxiliary tool in genetic improvement programs (Veiga et al., 1996) . In plant breeding programs, knowledge of diversity and genetic diversity within a species is essential for the rational use of genetic resources (Loarce et al., 1996) . In the study of genetic diversity, there are various statistical methods, whose choice is based on the accuracy desired by the researcher, ease of analysis and the manner in which the data were obtained (Rodrigues et al., 2006) . Multivariate analysis techniques can be used to evaluate the difference between accessions and to select the most important descriptors for discrimination of accessions of a germplasm bank (Pereira et al., 1992; Amaral Júnior et al., 1994) .
This study was carried out with the following objectives: to verify the existence of genetic variability among accessions of Arachis repens; to study the genetic diversity based on vegetative morphological traits and to identify traits that contribute least to the discrimination of accessions, and that therefore can be discarded.
Material and Methods
The study was conducted from data obtained in the Banco Ativo de Germoplasma de Amendoim Forrageiro located at Embrapa Acre, in Rio Branco (AC) (9°58 ' 22 "S latitude, 67°48 '40" W longitude and altitude of 160 m). The average annual temperature in the region is 24.3°C with relative humidity of 84%, average annual rainfall of 1,860 mm, with rainy season from October to April and dry season from June to September (BRASIL, 2009 ) .
Nineteen accessions of A. repens (Table 1 ) from Banco Ativo de Germoplasma de Amendoim Forrageiro, located at Embrapa Acre were evaluated. This bank was established in 2006 from the accessions from Active Germplasm Bank of Arachis, located at Embrapa Recursos Genéticos e Biotecnologia, in Brasília, Distrito Federal.
The design was completely randomized with ten replicates, in Red-Yellow Latosol with medium texture. Chemical analysis of soil from the collection cultivated area presented the following characteristics: phosphorus = 3 mg/dm 3 ; potassium = 0.3 cmol c /dm 3 ; potassium = 3.4 cmol c /dm 3 ; calcium + magnesium = 0.7 cmol c /dm 3 ; exchangeable aluminum = 3.62 cmol c /dm 3 ; aluminum + hydrogen = 15.9% of aluminum saturation, and pH = 5.0.
Four-square-meter plots for each access ionfrom the vegetative propagation, with the use of 20-30 cm runners were established. Two runners were placed in each hole, with 0.5 m × 0.5 m spacing. The area was fertilized with 50 kg/ha P 2 O 5 (triple superphosphate), 40 kg/ha K 2 O (potassium chloride) and 40 kg/ha of FTE BR12. For morphological characteristic measurement, ten runners were collected from each plot.
The following morphological characteristics were evaluated: basal leaflet length (BLL), basal leaflet width (BLW), apical leaflet length (ALL), apical leaflet width (ALW), petiole length (PEL), internode average length (IAL) and internode average diameter (IAD). All these characteristics were measured in millimeters, by using a digital caliper. Basal leaflet length, basal leaflet width, apical leaflet length, apical leaflet width and petiole length were determined in the fourth leaf on apex-base direction by using runners with at least 30 cm in length, with at least seven internodes. The characteristics internode average length and internode average diameter were obtained by collecting the distal portion of runners, with at least seven internodes. The three distal internodes were discarded, and the length between the internodes 3-4, 4-5, 5-6 and 6-7 and the diameter of the internodes 3, 4, 5 and 6 in the apex-base direction in each one of the ten runners were measured. The choice of features and manners of obtaining them were based on the study of Paganella & Valls (2002) , Maass et al. (1993) , Monçato (1995) and Charvalho & Quesenberry (2008) .
Data were submitted to univariate statistical analysis, accessions were grouped by Scott-Knott test (1974) 1% probability. Additionally, Pearson's correlation was estimated among traits. The study of genetic diversity was performed by multivariate analysis techniques, which employed the canonical variable analysis (Cruz et al., 2004) and the optimization method of Tocher (RAO, 1952) . The dissimilarity measure used in the cluster analysis was the Mahalanobis generalized distance (D 2 ). Statistical analysis was performed using the GENES software (Cruz, 2006) .
Results and Discussion
Coefficients of experimental variation obtained were from medium to low magnitude and, in general, higher than those verified by Monçato (1995) for A. repens (Table 2 ). However, considering the common characteristics evaluated, the traits with the greatest coefficient of experimental variation were the same in both studies (petiole length and average length of runners). The same Maass et al. (1993) in a study on morphological characterization of A. pintoi. The relationship between the coefficients of genetic and experimental variation was higher than the unit for length of the basal leaflets, length of apical leaflet, apical width of leaves, internode average length and average diameter, which reflects a very favorable situation for the selection, inasmuch as the coefficient of genetic variation expresses, as a percentage of the overall mean, the amount of genetic variation among genotypes. Knowledge of this coefficient is important in a genetic improvement program because it indicates the amplitude of genetic variation in a variable, regarding the possibility of its improvement (Assis et al., 2009) . Monçato (1995) studied morphological characterization of 51 accessions of Caulorrhizae section and noted that only ten belonged to A. repens. The mean values of the characteristics listed below presented by Monçato (1995) for A. repens were very close to those found in this study (Table 2) : internode average length = 31.22 mm; thickness of runners = 2.4 mm, petiole length = 9.7 mm; apical leaflets length = 18.3 mm, apical leaflets width = 8.9 mm; basal leaflets length = 16.7 mm; basal leaflets width = 7.1 mm. From the 19 accessions of A. repens characterized in this study, only five are common to the study performed by Monçato (1995) . Carvalho & Quesenberry (2008) characterized morphologically 34 accessions of A. pintoi for 44 morphological traits, including leaves, runners, flowers, fruit and seeds. The authors found that among the traits evaluated in the leaves, the shape, length, width of the leaflets and petiole length were the traits that most presented variability among the accessions studied.
In the Scott-Knott test, the results of basal leaflet length of the accessions were divided into five groups, so accessions BRA 032379 and BRA 034363 were the ones which presented greatest mean for this trait ( Table 2 -Mean, minimum, maximum, standard deviation (SD), genotypic variance (Vg), coefficient of genetic variation (CGV) and coefficient of experimental variation (CVe) of the characteristics measured in 19 accessions of Arachis repens from the Banco Ativo de Germoplasma located at Embrapa Acre ** For 1% of probability by F test.
Means followed by the same letter within the column belong to the same cluster by Scott-Knott test t 1% of probability. BRA 037443 was in the last group, with narrower leaflets. For the characteristic length of apical leaflet, four groups were formed, and accessions BRA 032379 and BRA 034363 were those which presented greatest means for this trait. In relation to the width of apical leaflet, four groups were formed: only accession BRA 034363 in the first group with the greatest mean, and accessions BRA 033260, BRA 029220, BRA 012114, BRA BRA 040088 and BRA 040185 in the last group, with narrower apical leaflet. For petiole length, three groups were established, in which accession BRA 029220, BRA 032379, BRA 029190, BRA 034363 and BRA 032492 were in the first group with the greatest means. Regarding the average length of internode, there was formation of five groups, in which accession BRA 034363 was allocated in the group with greatest mean. For average diameter of the internode, five groups were established, with accession BRA 032387 and BRA 034363 in the first group with the greatest means, and accession BRA 029220 was the only one in the sixth group with the lowest mean. Accession BRA 034363 differed from other genotypes in many characteristics, evidencing its high genetic distance in relation to the others, as also observed in the study of genetic diversity, which will be discussed later. This accession was collected in a public square in Mineiros, GO and therefore already in culture condition, with unknown natural occurrence site. It is important to say that A. repens is a native species and it is exclusive in the Brazilian flora, and that accession 032379 BRA equated BRA 034363 for the characteristic length of the basal leaflets, length of apical leaflet and petiole length.
The most strongly correlated variables were length of basal leaflet and apical leaflet length, basal leaflet width and apical leaflet width and apical leaflet length with apical leaflet width (Table 4 ). The result of this study corroborates that observed by Balzon et al. (2006) when studying genetic diversity in accessions and hybrids of Arachis spp. According to the authors, the traits related to leaf size (BLL, BLW, ALL, ALW and PL) were all strongly correlated.
Correlations between traits observed in experimental trials are due to genetic and environmental factors and are estimated to measure the variation in a trait when it modifies another. In this study, plants with longer leaflets also had longer petioles, but this relationship was not observed in relation to the width of the leaflets. The characteristics related to the dimensions of the leaflets, such as length and width were strongly correlated, but not strongly related to traits in runners.
According to the results reported by , who estimated the Pearson correlations for morphological traits in A. pintoi, the values obtained between length and width of leaflets (0.79), length of leaflet and petiole length (0.76), internode diameter and width of leaflets (0.56) were similar to those found in this study to A. repens. However, in A. repens, the correlations between width of leaflets and petiole length were of low magnitude and not significant, whereas for A. pintoi ) these estimates were of high magnitude (0.77). In the study by , there was no correlation between length and diameter of internodes in A. pintoi, whereas for A. repens that estimate was from medium to high magnitude and significant (Table 4 ). These correlations indicate that selection of genotypes with long and wide leaflets with short internodes and thin runners, which could result in plants with high leaf:stem relation, may be impaired in A. repens. The study of genetic diversity, which will be presented later, confirms this result because only one accession (BRA 029190) out of the 19 evaluated met all these attributes. ns -non-significant; * and ** significant at 5% and 1% of probability by t test, respectively. BLL = basal leaflet lenght; BLW = basal leaflet width; ALL = apical leaflet lenght; ALW = apical leaflet width; PEL = petiole lenght; IAL = internode average lenght; IAD = internode average diameter. (Table 5) . The first group, consisting of 12 accessions, is characterized by having access with small basal and apical leaflets, with short petioles, medium to short internodes and thick medium to short runners. The second group, consisting of three accessions, differed from the first due to its larger and wider leaflets and longer petioles. The other groups were all formed by only one accession each one because they had unique characteristics, as follows: the third group, formed by BRA 032379 (accession 6), presents short leaflets, but wider and thicker runners; in the fourth group formed by BRA 029190 (accession 9), the leaflets are medium to large in size, petioles are long, but internodes are short and runners are thin; the fifth group, formed by BRA 029220 (accession 2), has small leaflets, long petioles, short internodes and thin runners; and the sixth group, formed by BRA 034363 (accession 18), is characterized by the presence of longer and wider leaflets, long petiole, larger internodes and thicker runners.
The formation of these clusters is important for choosing the parents, inasmuch as the new hybrid combinations to be established must be based on the magnitude of their dissimilarities. The accessions assembled in more distant groups give an indication of being dissimilar, and they can be considered as promising in artificial crosses. However, in addition to being dissimilar, it is necessary that parents associate high mean and variability for the traits which are being improved, and additional studies on agronomic and chemical evaluation of these genotypes be done. Assessments of this kind were reported by Assis et al. (2010) , who identified two accessions of A. repens (BRA 029190 and BRA 012106) with desirable agronomic traits such as rapid ground cover and high dry matter production during the establishment.
In the technique of canonical variables, the feasibility of its interpretation is restricted to the concentration of the variability available among the first variables, usually above 80% (Cruz et al., 2004) . The two first variables explained 71.6% of total variation (47.1% by the first and 24.5% by the second) ( Table 6 ). Because the two first canonical variables did not reach the 80% of the total variation, the third variable was included in this study, and that was sufficient to explain 84.9% of the total variation, considering the first three variables in the study of graphic dispersion (Figure 1 ). Accessions BRA 029220 (2), BRA032379 (5), BRA032387 (6), BRA 029190 (9) and BRA 034363 (18) were divergent among each other and in relation to other groups formed. As in the Tocher method, a large group was formed in canonical variable analysis, but without the presence of BRA037443 (13), BRA014788 (14) and BRA 014 770 (15). Accession BRA032379 (5), which formed the isolated group by the technique of canonical variables was similar to accessions BRA032352 (3) and ARB 032 492 (19) by the Tocher method.
The distribution of accession in the formation of the clusters was similar in both techniques of genetic diversity To assess the relative importance of traits in the genetic divergence, in the last canonical variable, those whose weighing coefficients were of greater magnitude in absolute value were classified as the least important (Cruz et al., 2004) (Table 6 ). The least important traits were, in order of disposal, apical leaflet length, basal leaflet length and apical leaflet width.
The possibility of discarding traits which contributes least to discrimination of evaluated genetic material is important, because it reduces labor, time and cost spent in the experimentation (Cruz et al., 2004) . However, Cruz et al. (2004) recommended to carry out a new cluster analysis by the Tocher method, not considering the least important variable to confirm its low contribution in discriminating accessions. In this study, when the least relative important trait (length of apical leaflet) identified by the method of canonical variables was discarded, the number of clusters established by the method of Tocher optimization decreased from six to four and the position of accessions in cluster was also modified. Therefore, by this criterion, it is not recommended to discard this variable, because all traits contributed to the clustering pattern obtained in the study of genetic diversity among accessions. A similar result was found by Shimoya et al. (2002) in the study of genetic divergence among accessions of a germplasm bank of elephant grass (Pennisetum purpureum, Schum.). According to the authors, when the trait with least relative importance, which was stem diameter, was discarded, by the method of canonical variables, the number of clusters established by the Tocher method increased from 18 to 19, and the position of the genotypes was also changed.
Conclusions
There is genetic variability among Arachis repens for vegetative morphology traits, but the study of genetic diversity demonstrates the need for extending this variability by collecting or introducing new accession into Active Germplasm Bank of Peanut Forage. The genetic similarity observed among accessions belonging to different clusters can guide the breeder in the definition of crosses to be made in the breeding programs, where crossings among accessions allocated in the same cluster should be avoided. Accession BRA 029190 introduces vegetative morphological and agronomic traits for use as forage, being recommended as a parent in genetic improvement programs. The length of apical leaflet is the trait that contributes least to the dissimilarity among accessions of Arachis repens, but it should not be discarded in order to maintain the standard clustering of the accessions. 
